At least 11 esterase isoenzymes have been resolved from conidia of six strains of Neurospora crassa on starch gel zymograms using a-naphthyl acetate as substrate. By means of inhibitor studies, three of them were determined to be acetylesterases and nine to be carboxylesterases. Carboxylesterases could be distinguished from acetylesterases by their positive reaction with anaphthyl butyrate. The distribution of these multiple forms of esterases in conidia was clearly strain specific. Each strain contained two forms of acetylesterase and from zero to three forms of carboxylesterase. These esterases could not hydrolyse the naphthyl esters of aliphatic carboxylic acids larger than butyrate or that of benzoate. During the first 20 h of conidial germination, a marked decrease in esterolytic activity was observed for most of the carboxylesterases but not for the acetylesterases. This might indicate that digestion of aliphatic esters is involved in the initial stage of conidial germination.
INTRODUCTION
Gel electrophoresis of esterase isoenzymes has been widely used for taxonomic, genetic and cell developmental studies in many organisms. So far, however, little information on the esterase isoenzymes of Neurospora has been published. Reddy & Threlkeld (1971 , 1972 , using polyacrylamide gel electrophoresis, showed a single type of esterase activity in mycelial extracts from 18 strains of N. crassa. Sagarra (1973) , on the other hand, reported esterase polymorphism in mycelia. The present author, using starch gel electrophoresis, demonstrated at least 7 sites of esterase activity in N. crassa conidia, and discussed a possible role of some of these isoenzymes in relation to conidial germination (Egashira, 1983) .
The present study was designed to obtain information, using starch gel electrophoresis, about esterase heterogeneity in six strains of N . crassa. The alterations of esterase zymograms with development were investigated with the aim of determining the contribution of esterases to conidial germination. Staining. The esterases were stained within the gel using Fast Blue RR and various substrates. To examine the effect of diisopropyl fluorophosphate (DFP), p-chloromercuribenzoic acid (PCMB), eserine sulphate and heat treatment, a-naphthyl acetate was used as substrate.
Treatments with esterase inhibitors. Esterase inhibitors were tested by preincubating the gels for 20 min in a solution of the inhibitor in 0.05 M-phosphate buffer (pH 7.0). The gels were then placed in the esterase reaction mixture to which the inhibitor had also been added.
Heat treatments. To determine the effect of heat on esterase activity, the cell-free extracts were heated at 40 "C for 20 min before electrophoresis.
Reagents. Hydrolysed starch was obtained from Connaught Laboratories, Fast Blue RR and the substrates from Sigma, DFP from Fluka, eserine sulphate from Merck, and PCMB and other chemicals from Wako Pure Chemical Industries.
RESULTS AND DISCUSSION
Gel density is critical for electrophoretic separation of isoenzymes. Starch gel electrophoresis provided satisfactory resolution of esterase isoenzymes in the crude cell-free extracts of N . crassa so long as the gels were rather flexible. Rigid starch gels or acrylamide gels (7%) were less satisfactory.
The results obtained are shown in Figs 1-3 and are summarized in Table 2 .
Polymorphism of esterase isoenzyrnes in N . crassa conidia With a-naphthyl acetate as substrate, two to five bands were usually detected in each conidial extract. Taking the six strains together, a total of at least 11 bands was discerned (Fig. 1 a ) : these bands are numbered from 1 to 11 in order from the anode to the origin. Although there was no significant difference in mobility between band 3 in strain 11 31 and band 4 in strain 2225, different band numbers were given to these isoenzymes because of their different esterase properties as described later. The number of bands ranged from two (strain 2225) to five (strain 821, sites 1,6,8,9 and 1 1). Band 1 was detected in all the strains, and band 1 1 in all except strain 2225.
The enzyme banding pattern of strain 2227 was very similar to that of strain 987, but there were minor differences in the electrophoretic mobilities of bands 5 and 7 in strain 2227 compared with bands 6 and 8 in strain 987. Strain 851 was characterized by high enzymic activity at site 10. The zymogram of strain 987 was identical to that previously reported for strain 38 (Egashira, 1983) as well as to that of strain 2282, which carries mutant genes un-5, af-2 and arg-13. The band distribution in strain 3201 was similar to that in strain 821 (data not shown).
In addition to these isoenzymes, which were highly reproducible, the heavily staining area near the origin could sometimes be resolved into three or four unstable bands, and several weak bands were distinguishable in front of site 1.
This polymorphism of esterase isoenzymes in conidia is in agreement with the observations of Sagarra (1973), who used acrylamide gel electrophoresis of mycelial extracts of N . crassa. Strains 1131 and 851 were used in both Sagarra's and the present study: the two studies produced very similar esterase zymograms. 
Substrate specificity
The specificity of the esterase isoenzymes was tested with various substrates. When pnaphthyl acetate or indoxyl acetate was used as substrate, the esterase band patterns of the six strains were identical to those with a-naphthyl acetate, although Q-naphthyl acetate was a relatively poor substrate. In contrast, when a-naphthyl butyrate was used as substrate bands 1,4 and 11 were not clearly evident (Fig. 16) .
When naphthyl esters of aliphatic carboxylic acids larger than butyrate were used, there was a drastic decrease in esterolytic activity. None of the bands showed a positive reaction with any of the naphthyl esters of valerate, caproate, laurate or myristate, indicating that N. crassa does not contain lipase. There was also no evidence for the hydrolysis of the aromatic ester, Q-naphthyl benzoate.
Classification of N. crassa esterases Esterases can be classified on the basis of their reactions to physical and chemical inhibitors. Eserine sulphate inhibits cholinesterases, whereas DFP inhibits both cholinesterases and carboxylesterases. PCMB inhibits arylesterases, whereas acetylesterases are not inhibited by DFP, eserine sulphate or PCMB (Holmes & Masters, 1967) .
Esterase isoenzymes from dormant conidia were subjected to various treatments. The results from heat treatments at 40 "C for 20 min and DFP (0.1 mM) treatment are shown in Fig. 2 . Neither eserine sulphate (0.01 mM) nor PCMB (0.1 mM) significantly affected esterolytic activity. The isoenzymes at sites 1, 4 and 11 were resistant to both heat and DFP treatments (Fig. 2) , and are therefore assumed to be acetylesterases. The other isoenzymes, which were 
Alteration in isoenzyme patterns during conidial germination
When conidia were allowed to germinate in minimal medium at 27 "C for 20 h and zymograms were prepared with a-naphthyl acetate as substrate, certain isoenzymes which had been present in the dormant conidia were absent. The isoenzymes which decreased in activity in germinants were the carboxylesterases showing a positive reaction to a-naphthyl butyrate in dormant conidia (compare Figs 3a and 1 b) . Bands 1,4 and 11, on the other hand, which were specific to a-naphthyl acetate, remained and their activities increased in germinants as compared to conidia. From the above results, no detectable bands at sites 1-1 1 were expected in germinants when a-naphthyl butyrate was used as substrate. Such was indeed the case, with the exception of some decreased activity at sites 7 and 10 (Fig. 3b) .
Two new bands, at sites 12 and 13, were detected on zymograms of germinants (Fig. 3a) . Band 12 reacted strongly with a-naphthyl butyrate, although the staining was diffuse (Fig. 3h) . These alterations of esterase activities during development suggest that conidia may contain specific ester compounds which are digested in the initial stage of germination.
The author is grateful to Dr C. S. Gowans (University of Missouri -Columbia) for reading the manuscript. the capacity of an antiserum raised against live organisms of strain BS4 (agar) to abolish the resistance of this strain to intracellular killing by human phagocytes. Also, antisera raised against the putative determinant directly nullified the resistance of strain BS4 (agar) (Veale et al., 1978; Parsons et al., 1981) . It was a reasonable working hypothesis (see Veale et al., 1978; Parsons et al., 198 1) that the determinant of gonococcal resistance to killing by phagocytes might be detected by these methods.
The 20 kDa protein was detected by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) of an outer membrane fraction of strain BS4 (agar) called fraction lb. The latter was obtained by gel filtration on Sephadex G75 of outer membrane vesicles (OMV) dissolved in an alkaline buffer containing sodium cholate (Parsons et a/., 1985a) . SDS-PAGE showed that fraction 1 b contained proteins of about 60 kDa and some principal OMPs as well as the 20 kDa protein. When the areas of the gel containing the proteins of about 60 kDa, the principal OMPs and the 20 kDa protein, and the gel between the 20 kDa protein and the solvent front, were extracted, only the 20 kDa protein had the biological activity described above (Parsons et al., 1985 a) . Also, a fraction equivalent to 1 b, separated from the closely related phagocyte susceptible strain BSSH, showed no evidence of the 20 kDa protein on SDS-PAGE (Parsons et al., 1985a) . In relation to final purification of the 20 kDa protein, it was probable that in fraction 1 b before treatment with SDS, some of the 20 kDa protein was complexed with the other proteins and LPS due to incomplete dissociation of the OMV by the sodium cholate (Parsons et al., 1985a) .
This paper describes the purification of the 20 kDa protein from fraction lb without treatment with SDS, and its chemical and biological properties.
METHODS
Neisseriu gonorrhoeae. Strain BS4 (agar) is relatively resistant to killing by human phagocytes. It was selected from a laboratory strain, BS (Kellogg type 2, small colony forming, pilate) by four passages through plastic chambers implanted subcutaneously in guinea pigs and then cultured once on agar medium (Penn et al., 1976 (Penn et al., , 1977 Parsons et al., 1979) . Strain BSSH is susceptible to killing by phagocytes. It constituted the majority of the population of strain BS from which it was selected in oitro by its 'single highlight' (SH) colony morphology (Penn et al., 1977) . Both strains were grown, stored and counted as described previously (Veale et al., 1975; Penn et al., 1976 Penn et al., , 1977 .
E.xfruction of' crude OMV with sodium cholate. OMV were prepared from strain BS4 (agar) (100 ml; 10" gonococci ml-I) in I M-lithium chloride and extracted with glycine/NaOH buffer (0.1 M, pH 9.5) containing sodium cholate (1 %, w p ) as described previously (Parsons et al., 1982 . If not fractionated immediately, extracts were stored at -20 "C.
Prrparution oj'fraction Ib from cholate extracts. This was as described previously (Parsons et al., 1985a), but larger amounts (8.-10 ml rather than 3-4 ml) of the cholate extract (about 1 mg protein ml-1 and derived from about 5 x 10" gonococci ml-I) were applied to the column of Sephadex G75 (Pharmacia; 1 m x 25 mm). Fractions (2 ml) corresponding to fraction l b (Parsons et al., 1985~) were pooled and, in earlier work, concentrated by negative pressure dialysis. Later this was done by freeze drying, dissolving in water (4 ml) and desalting on a Sephadex G25 column (1 m x 25 mm) with water elution. The final volume of the pooled fractions was adjusted to that of the original extract.
The protein profiles on SDS-PAGE of OMV of strain BS4 (agar), their sodium cholate extract and fraction 1 b are shown in Fig. 2 Refractionation ojyracrzon Ib on Sephadex G75. Fraction l b (8-10 ml, derived from 5 x 10" gonococci ml-I), whose protein profile on SDS-PAGE is shown in Fig. 2 (lanes 4 and 5) of Parsons et al. (19854, was refractionated on a column of Sephadex G75 (1 m x 15 mm) with glycine/NaOH buffer (0.1 M, pH 9-5) containing sodium cholate ( I ' ?;, w p ) as eluant as described for the preparation of fraction 1 b (Parsons et al., 1985~). Elution was followed by monitoring
The region where materials of 20 kDa would elute was indicated by preliminary experiments under the same conditions with the following marker proteins: ribonuclease, chymotrypsinogen A, ovalbumin and bovine serum albumin (BSA) (1 3.7, 25.0, 43.0, 67.0 kDa respectively) (Fig. 1) . Fractions of the gonococcal extract in the 20 kDa region were pooled, and concentrated by freeze drying and desalting on Sephadex G25 as described above. The volume of the final material was adjusted with phosphate buffered saline (PBS, Penn ef ul., 1976) to 1/25 of the volume of the original cholate extract. Several batches contained 1-1.5 mg protein ml-I, representing about 5 % of the protein in the original cholate extract of OMV (see above).
Purrfiedpili from strain BS4 (agar). These were two of the four preparations described by Parsons et al. (198 1) and contained about 1.0 and 1.2 mg protein ml-' respectively.
